First a Quick Review on Three-Phase Circuits : 



The Simple Power System Components 


Generation => Transmision => Distribution 
Transmission Line (T.L.) can be done in two ways 


Cables 

T.L 

High cost 

Less cost 

Hard maintenance 

Less hard maintenance 

Less faults 

More faults 


Transmission Line components : 

R ( Heat effect) , L ( Magnetic Effect ), C ( Electric Effect) 
can be a single-phase or three-phase T.L. 
or concentrated or stranded ( composed ) 
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Skin Effect : 

In DC : the current is uniformly distributed over the cross section of the conductor 

But in AC : the current is not uniformly distributed over the cross section of the conductor and this 
increases with higher frequencies so R^c > Rdc ^ ^ac = 1-15 Rj)c 

Voltage Regulation : 

The ration between the no load voltage and the full load voltage and the full load voltage 

Vf.i 

Corona 

Conductor JW jjtj SjaUo 

Transposition J' Cfi- 4^ 

Transposition 

It's a technique performed to the case of unequally spaced phases to have a nearly the same inductance 
per phase that by changing the position of the phase as shown in the fig. 

1 

2 

3 

Transmission line cables 

a)copper "high cost" b)aluminum alloys with steel 
types of conductors : 

AAC: all-aluminum conductor 

AAAC: All-Aluminum alloy conductor 

ACSR: Aluminum conductor steel reinforced 

ACAR: Aluminum conductor alloy reinforced 

Ferranti Effect 

It's the effect at receiving ( no load / light load ) then the , and fixed 

by putting Inductors at the receiving End 

I J- 
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RESISTANCE : 



INDUCTENCE : 


Cables : A) concentrated B) stranded 


A) Concentrated 


7 H 

L = 2*10"^ln — ^ — 

\r / m 

hotai = 2 * 10"^ In ^ X Length 
where r' = 0.7788 r 


H 


B) Stranded (Composed ) 

Single — Phase system (1 — 0) 



A has m lines in it 
B has n lines in it 

(GMR\ (Dm\ 

La =2*10-^ln — — = 2 * IQ-^n — 

\gmdJ 

7 /Dm\ 

1, = 2.10-1„(— ) 

~ V ■■■ ^an )(^bl^b2 ■■■ ^bn) ■■■ O^zl^zl ••• ^zn) 

l^SA ~ V (.^aa^ab^ac ■■■ ^az)Q^ba^bb^bc ■■■ ^hz) ■■■ (.^za^zb^zc ■■■ ^zz) 
where D^a — 0.7788 the same — = D^c 

^SB — V (^11^12^13 ••• ^ln)(.^21^22^23 — ^2n) ••• (Pnl^n2^n3 ^nn) 

where = 0.7788 the same — D 22 — D 33 
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Three - Phase system (3-0) 

1) Equally spaced 







= 2 * 10"^ In 



2) Not Equally spaces 



/,„ = 2.10-’ln(^) 

Dm — sj Dab DbcDac 

3) Double Circuit 



iaiJl lia^ 131 C5^ "2 COTOnS cJ^ ci^ “1 


L, = 2,10-’l„{|) 


— IJD^bDbcDca 

^AB ~ ^ab^ab'^a'b^a'b' 

— y ^AA^BB^CC 

Dbc ^ ^bc^bc' ^b' c^b' c' 

^CA ~ ^ ^ca^cm^ career ar 

^AA ~ y ^ aa^ a' aa' ^ a' a' 

^BB — y^bb 

DqC -sj D qqD q! qD qq! D q! q! 


where : D^'a' = Daa = 0.7788 


C j b ijiaaJl ^ Iji^A j 
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4) Bundle 


P 

C 

rf 

e V~ ' V 

d 3-b 6— 


3^lg. 2.1S CcnFi^uration bundled conduclors 


Capacitance : 


capacitance : 


single 

- phase T. L. Capacitance (1 — 0) 

Zncn 

Clo= " F/m 

ln[j} 

„ nreo 

ln[-) 

Co =8.85*10-^2 

Three - 

- phase T. L. Capacitance (3 — 0) 

1) Equally spaced 

27r6o 

^ph = .J). FImIph 

'"(fJ 

2) Not equally spaced 

27160 

^pii ~ rD \ 

ln{^) 

~ ^ab^bc^ca 

3) Double Circuit 



Fan ~ Ffin d" ^a'n 
^ ^ 2neo 

Fan - Fa'n “ 

'"(dJ 

. r - 

" , i'Dm\ 

'"(dJ 
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P^m — yP^AB^BcP^CA 

P^s — \]PPaaP^bbP^cc 

^AB ~ ^ ^ab^ab'^a'b^a'b' 


Dbc ^ ^bc^bc' ^b' c^b' c' 

^AA ~ a' oP aa'^ a' a' 

^CA ~ ^ ^ca^cm^ career ar 

^BB — y^bb Db'bDjgjgfDijrijr 


^CC y ^ cc^ c' cc' ^ c' c' 

Charging current 


Va 

(I ch) " Charging Current" — — ^ — z.90 

~J^c 

V Vvh Vvh Vi 

\ich\ =Y^ = -r = 

toe Ztt/ c 


Performance of short T.L 


efficiency — r] — 


^OUt 


Ps 


AV 

Regulation = %Reg = — = 


m 

A 


ii^i 


iK-i 


* 100 = 


\Vn.l\ - \Vf.l 


*100 


Types of Transmission Lines 


SHORT T.L 

MEDIUM T.L 

LONG T.L 

L<80 km 

80< L<250 

250 < L 


71 

T 


Is ^ ^ h 

Is X R ^ 

AA 

, R/2 X/2 X/2 R/2 , 

Is Ir 

1 ^ 

X 

Vs Y ^ Vr 


Vs Vi 

Ics 

hmnped shut admittance 

limped series impedance 

ZY/2 Y/2Z 

'la 

= v» 

lumped shunt admittance 



.4 = 0 = 1 

B^Z 

C = 0 

ZY 

A-D^l+- 

B = Z 

( 

ZY 

.4 = 0 = 1+ — 

/ ZY\ 

B=ni^T) 

C^Y 

/ ZY\ 

A — D — coshd — ( 1 + y) 
zsinhO 1 ZY\ 

^ ~ e ~ e) 

Ysinhd ( ZY\ 

<^= « =''X6) 


Vs ^ A Vr +BIr 
= D Vj^ + C 
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p<p- 
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T.L JjLuu-o JaJ 

short Vs = V^ + i( R + jXi) 

Ps = iKsUsI PPs ; PPs = cosiVs - Q 

Vfj, ^ LojIj lill jAAu (^1 


V3 

S^P+jQ 
:. P ^PF*S 
S = iV cos(K - /) 


/i^ = conj 


I S 


3(p 


13 *V 


z(+cos ^ PF) 


= conj[ 


3(p 


3 *PF*V 


Z(± cos-^ PF)] 


Y^ — ^ 2 nfC 

I", |_ (Jl ^Lojoi^ C5^ ^ ^ ^ ^ Lai 

dits^lc- j (J ^ph3sor disgrsm cJ^ ^JLua^ ^-3) cJ^ 

Double circuit means Rt=Rcir/2 Lt=Lcir/2 Yt=Ycir*2 


ByiMohamed Numair 


T.L Design 


Electrical Considerations for T.L. Design 

• Low voltage drop 

• Minimum power loss for high efficiency of power transmission. 

• The line should have sufficient current carrying capacity so that the power can be 
transmitted without excessive voltage drop or overheating. 


Mechanical Considerations for T.L. Design: 

• The conductors and line supports should have sufficient 
mechanical strength: 

to withstand conductor weight,Conductor Tension and weather conditions (wind, 

ice). 

The Spans between the towers can be long. 


r>^ ^ r>^ 






Sag will be small. 

Reducing the number and height 


Main components of Overhead lines: 

1) 

Conductors 

2) 

Supports 

3) 

Insulators 

4) 

Cross arms 

5) 

Other items such as lightning arrestors. 

Line Supports Properties: 


1) High mechanical strength to withstand weight of conductor 

2) Light in weight 

3) Cheap in cost 

4) Longer life 

5) Easy accessibility of conductor for maintenance 


Types of Line Supports:- 

Wooden poles 
Steel poles 

Reinforced Concrete Poles (RCC) 
Lattice steel towers 


Wooden poles 

Steel Poles 

Shorter span up to 50 m 

Greater mechanical strength* 

Longer life* 

Larger spans* 

Used for distribution purpose in cities* 

Three types: Rail poles Tubular * 

poles 
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Rolled steel joints 

Less cost& used for distribution purpose in rural 


areas 


Pesticides required e.g creosote oil 

Used for voltage up to 20 kv 


Smaller life(20-25 years) 


Less mechanical strength 

Made of Sal or Chir 

Moderate cross-sectional area 


RCC(Reinforced concrete poles):- 

Steel towers 

• Greater mechanical strength 

•Longer life 

•Longer spans 

•Good outlook 

• Little maintenance 

•Good insulating properties Two Types:- 

-Single pole -Double poles 

Longer life • 

Longer span* 

Greater mechanical strength* 

For long distance at high voltage* 

Tower footings are usually grounded by driving * 
rods into the earth .This minimizes lightning 
troubles as each tower acts as lightning 
.conductor 


Types of Towers 

1- 

Suspension Tower 

2- 

Tension Tower 

3- 

Angle Tower 

4- 

End Tower ( Beginning and end of the line one side tension) 

Insulators | 


~ 9 ~ 





Properties of Insulating Material 


The materials generally used for insulating purpose is called insulating material. For successful 
utilization, this material should have some specific properties as:- 

o It must be mechanically strong 

enough to carry tension and weight of conductors, 
o It must have very high dielectric strength to withstand the voltage stresses in High 
Voltage system, (high relative permittivity), 
o It must possesses high Insulation Resistance 
o to prevent leakage current to the earth. 

o The insulating material must 

be free from 

unwanted impurities, 
o It should not be porous. 

o There must not be any entrance on the surface of electrical insulator so that the 
moisture or gases can enter in it 

o There physical as well as electrical properties must be less effected by changing 
temperature. 


Types of Insulators 


1) Pin Insulators 

2) Suspension Insulators 

3) Strain Insulators 

4) Stay and shackle in low voltage applications 


Pin Insulators 

Suspension Insulators 

Strain Insulators 

Pin Insulator is earliest 
developed overhead 
insulator, but still popularly 
used in power network up to 
33 KV system. 

Pin type insulator can be one 
part, two parts or three parts 
type, depending upon 
application voltage. 

In 11 KV system we generally 
use one part type insulator 
where whole pin insulator is 

In higher voltage, beyond 
33KV, it becomes 

uneconomical to use pin 
insulator because size, 
weight of the insulator 
become more. Handling 
and replacing bigger size 
single unit insulator are 
quite difficult task. For 
overcoming these 

When suspension string is used 
to sustain extraordinary tensile 
load of conductor it is referred 
as string insulator. When there 
is a dead end or there is a sharp 
corner in transmission line, the 
line has to sustain a great tensile 
load of conductor or strain. A 

strain insulator must have 
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one piece of properly shaped 

difficulties, suspension 

considerable mechanical 

porcelain or glass. 

insulator was developed. 

strength as well as the necessary 

■ ■' ‘JK® 

In suspension insulator 

electrical insulating properties 

Groove for — v. 
conductor 

Pettj - coats 

4 Cementing 

"3 

numbers of insulators are 

connected in series to form a 
string and the line conductor 
is carried by the bottom most 
insulator. Each insulator of a 


< — Galvanised 
steel pin 

suspension string is called disc 
insulator because of their disc 

STRAIN INSULATOR 


like shape. ^ 
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Suspension String 



Rated System Voltage 

Number of disc 

insulator used in strain 
type tension insulator 
string 

Number of disc 

insulator used in 
suspension insulator 
string 

33KV 

3 

3 

66 KV 

5 

4 

132KV 

9 

S 

220KV 

15 

14 


Advantages of Suspension Insulator 


1 . Each suspension disc is designed for normal voltage rating IIKV (Higher voltage rating 15KV), so by 
using different numbers of discs, a suspension string can be made suitable for any voltage level. 

2 . If any one of the disc insulators in a suspension string is damaged, it can be replaced much easily. 

3 . Mechanical stresses on the suspension insulator is less since the line hanged on a flexible 
suspension string. 

4 . As the current carrying conductors are suspended from supporting structure by suspension string. 
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the height of the conductor position is always less than the total height of the supporting structure. 
Therefore, the conductors may be safe from lightening. 

Disadvantages of Suspension Insulator 


Suspension insulator string costlier than pin and post type 
insulator. 


2 . 

3 . 


Suspension string requires more height of supporting structure than that for pin or 
post insulator to maintain same ground clearance of current conductor. 

The amplitude of free swing of conductors is larger in suspension insulator system, 
hence, more spacing between conductors should be provided. 


Potential Distribution over suspension insulator string 
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Potential distribution over suspension 
insulator string 



Potential distribution over 
suspension ins uiator string 



The foUdwiiig points nwy br Jiotdi regaiduig tbr potnifial dt^tribfaaon mvi a string of SLispcn- 
iioQ iftsidjitois : 

(?) J\x vollage impicsseid ou a string of in£ula4o[s not dittiibule itself uoii- 

fbfiiQj^'icr-(M.stlije indi^'idujl discs due to the presence ofshujifcapacrtance. 
in) The disc nearest ta die CDiidnctor has mMinKum voU^ across it As we Jiionie tem aDds the 
cf 0^-ana die voLis^ siefo=sf> e*h disc m decr^iaitg 

itif) Tlie unit nearest In the conduntof is iindH- tuaxuaium electncai stress ;ind ts ILkeh- tn be 
punctured. Hiefe-foie. means iims1 he provided to equalise the potential across each unit 
This IE lu]l>’ discussed m Aft S B 

{ii') If the voting tnipressed ncros^E tl^ siring; ivere d.e . disn anross eK±i unit tsnuJd be 

die %aaie. It ]& btciitise uistdstof c^^jacitaicK iMS^ctii'e fw dc. 
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string Efficiency 


Tie rafta STjAtejs acTnji fire w-Amm** itjix\g fa the pro^fct mimtcr of Jpjcj arad" voIaj^ 

JitCTtfSS disi SO sfii is os sikiuf eHidj^kicy j.^., 

ypligep struig 

Stfnlg tffitfieflCj. - ^ ^ Voltaic ncrws diK neaesl b ccxudnrlDT 


f 


IT ~ Dr^ Qiabei of discs m tbp aliuij 

Applvm? KirchLcfi"^ ciwroiT ]zv: Is a&dt A. vfc jet. 

/j = /j -t^ jj 

Off VtAH C* = C + Cj 

<n I'jEti C = C + P^jtn C 

Appi^/uig Ktrchbcff s cujiaiT la^- to node B. vrc jet. 

/j = 


-C^^ 


C, 


w 

F- WC = F3»C+(F3-^Fj)((iC,t 


or 

F,[oc:' = v\aic-\-(y^^Vj}sji:c 

1 e, 

or 

F, = vl + {V,+ V,W 

^11- 


= KVj-^Viit-^K} 

s 


= 0-'3-^Fj<|-^Af 

?* 


= VylK^d^^fl 

1-11- 


=FC 


li 

=^C V3 


\oltap brhiieeo canducboc auid cjrtJL (i e- , hwer^ ix 

F = 

= Fi<3+U'*A’'> 
F = FiCl+iO^S + A-J 
Frnni nqiiTssianx (a)', I^k) nod {rrij^ ire get 






t; 

I-hA" i43A+A 
F 

(l + iQC^ + Al 


;t- 


(]+ Aji.'i- AJ 


c. 


lagp Bcnjss wccnd isnit &un] top. ^2 “ ^ | 

3cra-5 diiixl imit top^ = l^|Cll+3£ + £^ 

Voltage acfo^ 

/iGge Sbiog efiScimcy - ^ Yohage acnss disc SKSssfst to ooniductBC 

F 


0, 

-II— • 

‘i 

^3 


r 

:C 'Ji 




xJQO 


3K K 


-xlOO 


Tliff folL™Eg points ntsy hr- notrd from iho iLuHlmriHtical nualy^h : 

(]■) If K = 0-2 (Say)^, tiutn fr™ c^. ^ = 1 2 F, aod = 1 64 Vy. Tbit djtarl>' 

that di&c ooamn to Hit coodnctor has maximum vo-ltof c acioss it; the whaf c across 
odber dib:^ dgcd-^a^mapfo^essa^Ly a^ the. cross-aim ki OFFt-^^adjed 

(I?) TIm gieaici due vaJit of A' C= Cy/C\, dw itMwo ocu-miifam ii itie poreniTiaJ across due discs 
and ]ks«- is iho sting ofScirrtc>-. 

(fisj Tbr incq\ialiiy bi ^lolbgc distiburion incrc^sw ^'ilh ibe inorast of n^imWr of disw in tJic 
stmif . TLucfeibrf. shorter sting has more cfficieiK)- than the larsw one. 
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Methods of Improving String Efficiency 

I.By using longer cross-amis. The value 
of string efficiency depends upon the value 
of K i.e., ratio of shunt capacitance to mutual 
capacitance. The lesser the value of K, the 
greater is the string efficiency and nx^re 
uniform is the voltage distribution. 

The value of K can be decreased by 
reducing the shunt capacitance. In order to 
reduce shunt capacitance^ the distance of 
conductor from to'^^r must be increased i.e., 
tonger cross-^rms should be usedL However, 
limitations of cost and strength of tower do 
not allow the use of very long cross-arms. In 
practice, K = 0-1 ts the limit that can be 
achieved by this method. 



Methods of Improving String Efficiency 


2. By grading the insulators. In this method, 
insulatcxs of different dimensions are so 
chosen that each has a different capacitance. 
The insulators are capacitance graded i.e. 
they are assembled in the string in such a 
way that the top unit has the minimum 
capacitance, increasing progressively as the 
bottom unit (i.e., nearest to conductor) is 
reached. 

Since voltage is inversely proportional to 
capacitance, this method tends to equalize 
the potential distribution across the units in 
the string. This method has the disadvantage 
that a large number of different-sized 
insulators are required However, good results 
can be obtained by using standard insulators 
for most of the string and larger units for that 
near to the line conductor 
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Methods of Improving String Efficiency 


1.By ysing q guard ring. The potential 
across each unit in a string can be equalised 
by using a guard ring which is a metal ring 
electrically connected to the conductor and 
surrounding the bottom insulator. The guard 
ring introduces capacitance between metal 
fittings and! the line conductor. The guard ring 
is contoured in such a way that shunt 
capacitance currents i1 , i2 etc. are equal to 
metal fitting line capacitance currents i'1, i^ 
etc. The result is that same charging current I 
flows through each unit of string. 
Consequently, there will be uniform potential 
distribution across the units. 



Methods of Improving String Efficiency 



Vz (C + C2) -Vi(C + Cl) + V3C2 = 0 
F3 ( C + C3 ) - F2 ( c + Cl) - FiCi = 0 

Vph = Vi + V2 + V3 


11 , 131, 1651 


1^4 = (1 + 6A: + 5fc2 + 

KCP 

^v= n 

^ n — P 
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SAG 


Sag of Transmission Lines 

• The sag of the conductor (vertical distance between the 
highest and lowest point of the curve) varies depending 
on the temperature and additional load such as ice cover. 

Sag of T.L depends on: 

- Conductor weight. 

- Span length, 

- Tension In the conductor, T 

- Weather conditions (wind , ice). 

- Temperature. 
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Sag and Tension in Overhead Transmission Line 

While erecting an overhead line, it is very important 
that conductors are under safe tension. 

If the conductors are too much stretched between 
supports in a bid to save conductor material, the 
stress in the conductor may reach unsafe value and 
in certain cases the conductor may break due to 
excessive tension. 

In order to permit safe tension in the conductors, they 
are not fully stretched but are allowed to have a dip or 
sag. 


Calculation of Sag 

In an overhead line, the sag should be so adjusted 
that tension in the conductors is within safe limits. 
The tension is governed by conductor weight, 
effects of wind, ice loading and temperature 
variations. It is a standard practice to keep 
conductor tension less than 50% of its ultimate 
tensile strength i.e., minimum factor of safety in 
respect of conductor tension should be 2. 

We shall now calculate sag and tension of a 
conductor when 

(i) supports are at equal levels and 

(ii) supports are at unequal levels. 
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(i) When supports are at equal levels 

The shape of a hanging line attached in its two ends can be described as a 
function of horizontal tension and weight per unit length 

A 


where \ 

S = Sag (m) \ 

L = Span length {m} \ 

H = Horizontal component of tension (N) 

T = Total tension (N) 

w = weight per unit length of conductor. (N/m) 

X = horizontal distance from lowest point (m) 
y{x) = vertical distance from lowest point at ^(m) 

Fig. Illustrates the meaning of sag, span 
length and line length, 



X ajus 


The following points may be noted: 

(i) When the conductor is suspended between two supports 
at the same level, it takes the shape of catenary. 

However, if the sag is very small compared with the span, 
then sag-span curve is like a parabola. 

(ii) The tension at any point on the conductor acts 
tangentially. Thus tension H at the lowest Point O acts 
horizontally as shown in Fig. (ii). 

(iii) The horizontal component of tension is constant 
throughout the length of the wire. 

(iv) The tension at supports is approximately equal to the 
horizontal tension acting at any point on the wire. Thus if T 
is the tension at the support B, then T = H. 
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The shape of the hanging line can be described 
with an approximate parabolic equation or with a 
more exact hyperbolic catenary equation. 

The error due to parabolic approximation is very 
small except for very long, steep or deep spans. 
The parabolic equation, has the advantages that 
It easily shows the relationships between sag, 
tension, weight and span length. 



(a) The wcigiiT wx of coiidiicior acting at a distance x/2 f om O. 

(b) The tension T acting at O. 

Equating the moments of above two forces about point O, we get. 

Tv = n:v X — 


Hie maxmiiuii dip (sag) is represented by The value of y at either of the suppoits A & B. 
At supports A aud i'^s 


Sag S = 


wl^ 

ST 
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Effect of ice and wind loading 


Icc 




Total weight of conductor per uiut length is 

wliere w = weightofconductorper unit length 

= conductor material densit>' x volume per unit length 
w, = weight ofice per unit length 

= density of ice x volume of ice per umt length 

= density of ice x [(rf + 2t)~ - x 1 
4 

= density of ice x 71 r (t/ + 1)* 

= wind force per unit lengdi 

= wind pressure per umt area x projected area per umt length 
= w'ind pressure x [(rf + 2/) x 1] 


Effect of ice and wind loading 


The sag in the conductor is give bv 

. wtL^ 
2T 


So the vertical sag 


S„ — S cos 9 


(ii) When supports are at unequal levels b 



Now, S2-Si= - xl) = - Xi)(x2 +a:i) 


So, S2-S1 = —{X2-X1) 
Again, S2 — = h 
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DC DISTRIBUTION 


Transmission and Distribution of D.C. Power 

By transmission and distribution of electric power is meant its conveyance from the central station, 
where it is generated, to places where it is demanded by the consumers like mills, factories, residential 
and commercial buildings, pumping stations etc. 


Methods of electric 
power transmission 



12.6 Overhead Versus Underground System 

The di 5 tiibutiGiu system can be ovediead or underground. CKerbead lines are generally mounted on 
wooden, concrete or steel poles which are arranged to carry distribution transformers m addition to 
the conductors. The underground s>^stem uses conduits, cables and nnnholes under tlie surface of 
streets and sidewahcs. The choice between overhead and underground system depends upon a mmi- 
ber of widely differing factors. Therefore, it is desirable to make a comparison between the tw'o. 

(/) Public safety^ The underground system is more safe than overhead sysjlem because aU dis- 
tribution wiring is placed underground and there are hrtle chances of any hazard. 

(77) Initial cost. The underground system is more expensive due to the high cost of trenching, 
conduits, cables, manholes and other special equipment. The initial cost of an underground 
system may be five to ten times than that of an overhead system. 

(777) Flexibih't}'. The overhead sy^stem is much more flexible than the underground system. In the 
btter case, manholes, duct lines etc., are permanently placed once installed and the load 
expansion can only be met by Laying new hnes. However, on an overhead system, poles, 
wires, transformers etc., can be easily shifted to meet the changes in load conditions. 

(ir) Faiihs. The chances of foults in underground system are very rare as the cables are laid 
underground and are generally provided with better insuLation. 

(v) Appeiirance. The general appearance of an underground system is better as all the distnbu- 
tion hnes are invisible. This factor is exerting considerable pubhc pressure on electric 
supply companies to switch over to underground system. 
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(I'l) Fault location and repah's. In general, there are little chances of fiiults iu an undeiground 
system. Howei,^, if a fault does occur, it is difEcult to locate and repair on this system. On 
au overhead systeni the conductors are \isible and easily accessible so that fault locations 
and repairs can be easily made. 

(i7t) Cictrem canying capacity and voltage drop. Au overhead distribution conductor has a 
considerably higher current carrying capacity than au underground cable conductor of the 
same material and cross- section.. On the other hand underground cable conductor has much 
lower inductive reactance than that of an oi^'erhead conductor because of closer spacing of 
conductors. 

(vtii) Useful life. The useful life of underground sy’stem is much longer than that of an overhead 
sy'stem. Au overhead system may have a useful life of 25 years, whereas au underground 
sy'stem may have a usehil life of more than 50 yiears. 

Maintenance, cost. The mamteuance cost of underground sy’stem is very low as conqrared 
with that of overhead sy'stem because of less chances of faults and service interruptions from 
wind, ice, hghtuing as w’ell as from traffic hazards. 

(a) Interference with communication circuits. An overhead system causes electromagnetic in- 
terference with the telephone lines. The pow'er hue currents are superimposed on speech 
currents, resulting in the potential of the communicatiou channel being raised to an undesir- 
able le\'el. How’ei^'er, there is no such interference with the underground system. 


Parameter 

Underground 

Overhead 

Public Safety 

Win 

Lose 

Initial Cost 

Lose 

Win 

faults 

win 

Lose 

Fault location 

lose 

Win 

appearance 

win 

Lose 

flexibility 

lose 

Win 

Current carrying capacity 

lose 

Win 

maintenance 

win 

Lose 

Useful life 

Win 50 

Lose 25 

Interference with commu 

win 

Lose 
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Transmission and Distribution of D.C. Power 

A good system whether overhead or underground 
should fulfill the following requirements 


Voltage at consumer's terminals must be within ±5 


The loss of power in the system should be a small 
percentage (about 1 0%) of the power transmitted 




J 


The transmission cost should not be excessive 


Maximum current through the conductor is limited to 
prevent conductor overheating and insulation injury 




j 
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Voltage Drop and Transmission Efficiency 


The difference in potential at 
the two ends is the potential 
drop in the cable 

If the transmitting voltage is 
250V, current in AC is 10A, 
and resistance of each feeder conductor is 0.5 Q, 
drop in each feeder conductor is 10*0.5 = 5 volt 
drop in both feeder conductors is 5 * 2 = 10 V 
The potential difference at receiving end CD: 250 - 10 = 240 V 


A 10 A 0.5 Q Q 


250 V 240 V 

10 A Q-5 Q 

B D 


Input power at AB = 250*10= 2500W 
Output power at CD ^40*10=2400W 
power lost in 2 feeders=2500-2400=10(l\V 


A 10 A C 


250 V 240 V 

10 A 05 Q 

B D 


The power loss could also be found by using the formula: 

Power loss = 2 = 2 *10- * 0.5 = lOOW 

The transmission efficiency is the ratio of output to input: 

, . . Power delivered to the line 

Eniciency oi the transmission = 

Power received by the line 


T7 




Power delivered to the line 


Tl= 

Power received by the line 

Power delivered by the feeder is 
2400 W and power received is 2500W 


250 V 240 V 

10 A 05 Q 

B D 


n = 2400*100/2500 = 96% 


Example: A DC 2-wire feeder supplies a 
constant load with a sending-end voltage 
of 220 V. If the load resistance is 215 Q 
and the total feeder resistance is 5Q, 
calculate the load voltage, voltage drop, 
and feeder efficiency. 


A 2.5a C 


220 V 215 a L 

2.5a ] 

B D 


Solution : 1= V/ (R, + Rl) = 220/(5+215)= 1 A 

Voltage drop = I* Rf=l*5=5 V 

^ 2 = Vi- Voltage drop =220-5 =215 V 

%n=(V2 I/Vi I)* 100=(Vi/V,)* 100=2 15/220* 100=97.73% 


Types of DC distribution 




a) 2-wire system 


b) 3-wire system 



Methods of Feeding a Distributor 

X ^ 

Feeding at one end ) 


Feeding at both ends with equal voltages 


.Feeding at both ends with unequal voltages 


Ring distributor 
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D.C. distributor fed at one end 



i J 7 

concentrated loads ^ ^ 

= f*^ + ^2 "I" ^3 "I" ^4 I 2 = ^2 ^4 

I3 ~ ^'3 ^ 4 ^4 “ ^4 

AV= Ii*r, + l2*r, + l3*/-, + I,*r, 


AV— T'j ^ ^2 (h ^ ^3(^3 ^ ^4) U 
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Distributor fed at both ends 


It is desirable for long distributors to be fed at both 
ends instead of at one end 

Feeding at both ends reduces the voltage drop 
without increasing the cross-section of the 
conductor 

The two ends of the distributor may be supplied 
with: 

(i) Equal voltages (ii) Unequal voltages 

A(fvanta§es 

(ff) If a fault occui's on any feeding point of the distributor, the continuity of supply is maiti- 
tained from the other feeding point. 

(h) In case of fault on any section of the distributor, the continuity of supply is maintained from 
the other feedmg point. 

(c) The area of X-section required for a doubly fed distributor is much less than that of a singly 
fed distributor. 
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Distributor fed at both ends with equal voltages 


(i) the maximum voltage drop must always occur at one of 
the load points 

(ii) since both feeding ends are at the same potential, then 
the voltage drop between each end and this point must be 
the same 

^1 ^ ^ A F2 

/ ^ 1 ! 

/i U U ‘^5 U 

Fi ^ ^ ^ A2 ^ F2 

^ ^ ^ 11 1 1 ^ 

h ^2 h ^ % ^ 6 

Fi , — , , A , F2 

^ I ! 

h h h U ^5 % 

Fi ». — ► ► Aj^ A2 ^ ^ F2 

^ ^ ^ 11 1 1 

/'i h h X y is 


X + y = i4 

drop from Fj to Aj = drop from F2 to A2 
Total voltage drop from F^ to F2 = 0.0 


32 


Distributor fed at both ends with unequal voltages 


The point of minimum potential can be found by 
following the same procedure as discussed above 
Voltage drop between A and B =Voltage drop over AB 
- V2 = Voltage drop over AB 

A C D E F B 

Vi V2 

li I. I, 1. 
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Uniformly Loaded Distributor Fed at One End 

The 2-wire d.c. distributor AB is fed at one end A and 
loaded uniformly with i amperes per metre length 
At every 1 m length of the distributor, the load tapped 
is i amperes 

Let L meters be the length of the distributor and r ohm 
be the resistance per meter run. 



L 





Point C on the distributor at a distance “x” m from the 
feeding point A 

Current at point C is = i . L - i . x = i (L - x) A 


For a small length dx, the resistance is r dx 
The voltage drop over length dx is: 
dv = i (L- x) r dx = i r (L-x) dx 




Voltage drop to point C: 


V 




dx = i r 


7 ^ 


L X - 


\ 


2 


To get the voltage drop to point B, put x = L 

|template3| 

Voltage drop for distributor AB = ir 


LXL- — 

^ J 


Voltage drop for AB = 0.5 (i L)(r L) = 0.5 I R 
(similar to the same load concentrated at the middle point) 
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Uniformly Loaded Distributor Fed at Both Ends 

Distributor fed at both ends with equal voltages 



Consider a point C at a distance x meters from the 
feeding point A 
Then current at point C is ' 


IL 




-1 x=i 


L 

X 

u 




J 


• dV = — rdx = — 

• Voltage drop at point C= ir(^ — x^dx = y — x^) 


Maximum voltage drop will occur at mid-point i.e. 
where x = L/2 

Max. voltage drop = ^ [lx - x i 


i r 

Y 


L 

LX-- — 

V 2 4y 



8 





Minimum voltage = V- 


IR 


volts 
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Distributor fed at both ends with unequal voltages 



X 


<?■ 



V V V 

i i i 



Voltage drop in section AC = 0.5 i r 

As the distance of C from feeding point B is (L - x), 
current fed from B is i (L - x) 

ir(L- xf 

Voltage drop in section BC = ^ volts 

Voltage at point C, VC 

=VA- Drop over AC 



Also, voltage at point C, VC 


=VB - Drop over BC = y^- 


i r (L- x)~ 


Ki- — 
^ 2 


Vb- 


i r (L- x)~ 


Solving for x, we get, 
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Ring Distributor 

A distributor arranged to form a closed loop and fed at 
one or more points is called a ring distributor. 

Such a distributor starts from one point, makes a loop 
through the area to be served, and returns to the 
original point 

The distributor can be considered as consisting of a 
series of open distributors fed at both ends 
CThe principal advantage of ring distributor is that by) 
(proper choice in the number of feeding points, great) 

(economy in copper can be affected) 
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Balancers in 3-Wire D.C. System 

• The neutral wire is connected to the junction of the 
annatures. 


• The circuit arrangement has two obvious advantages. 

1. Only one generator (G) is required which results in a 
great saving in cost. 

2. The balancer set tends to equalize the voltages on the 


two sides of the neutral. 

h 


E = V + I„R„ 
E>V (C) 

E = V (no load) 
E<V (M) 



Elements of Power system 


Elements of Power System 


ic 


it has already been pointed out that for transmission of electric 
3-phase, 3-wire a.c. system is universally adopted. However, other 
systems can also be used for transmission under special 
circumstances. The different possible systems of transmission are: 


1. D.C. system 

(0 D C. two-wire. 

(#/) D C. two-wire with mid-point 
earthed. 

[Hi] D C. three-wire. 

2. Single-phase A.C. system 

(#) Single-phase two-wire. 

(//) Singie-phase two-wire with mid- 
point earthed. 

(///) Single-phase three-wire. 


3. Two-phase A.C. system 

(/) Two-phase four-wire. 

(//) Two-phase three wire. 


4. Three-phase A.C. system 

(/) Three-phase three-wire. 

(/f) Three-phase four-wire. 
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AC Distribution 


A.C. distribution differ from D.C. distribution in: 

1. The voltage drops are due to the combined effects of resistance, inductance and capacitance 

2. The additions and subtractions of currents or voltages are done vectorially 

3. The power factor (p.f.) has to be taken into account. Loads tapped off from the distributor are 
generally at different power factors. 

Method of solving A.C. distribution problems 

There are two ways of referring power factor: 

1. It may be referred to supply or receiving end voltage which is regarded as the reference vector 

2. It may be referred to the voltage at the load point itself 

Power Calculation: 

For 17 = cos(a)t + 0i; ) ; i = /^ cos((t)t + ) ; 0 = | 

P - — — COS d 
2 

where Power Factor = PF = cos 9 

Inductive Load ■■ Current lags Voltage ■■ Lagging PF ■■ 6^- 0i= +ve 
Capacitive Load : Current Leads Voltage ■■ Leading PF ■ Oi — dy— —ve 

Examples of different power factor referreing 

The power factors of load currents may be given: 

1. Power factors referred to receiving or sending end voltage, or 

2. Power factors referred to load voltage itself 

(i) Power factors referred to receiving end voltage 
Taking receiving end voltage Vb as reference vector and lag. power factors at C and B are cos 
4)1 and cos 4>2 w.r.t. Vb 

A R, + j X, C 1^2 + i X 2 B 


Vg refrence 

•■h (cos 4)2 -j sin 02) 


h — h (cos 01 — i sin 01 ) 

7 ^ = 7 ^ = /2 (cos 02 -j sin 02) 

= h + 12 = /i (COS01 -;sin0i ) + /2 (cos 02 -j sin 02) 
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VcB =h^2 = h (cos 02 -i sin 02) (^2 +7 ^2 ) 

^ h (cos 01 -ysin0i ) + /2 (cos 02 sin 02) [R^ +7X1 ] 


Vc 


(j^g 


)o, V. 


Vi 


4^. 






\<p 


1 


^AC 


(ii) Power factors referred to respective load voltages 


01 is the phase angle between Vc and h and 02 is the phase angle between Vb and I 2 


I,,C0SlJ, Ii.COSPj 

7^ = /2 (cos 02 -ysin02 ) 
assume Vc = Vc /.a 

(cos(0i — a) — j sin(0i - a)) 




Vc 




SQ<!'2 Vp 


^>9 


>2X2 


'h*' 




‘AC 






if lag (-) if lead (+) 

Magnitude z( cos 


X 


PF + V-l) 


- K 'a - 

= 4> + V 
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SINLGE PHASE THREE WIRE 


SINGLE PHASE TWO WIRE 



• A generator connected • 
through a pair of wire to a 
load - Single Phase Two 
Wire. 

• Vp is the magnitude of the 
source voltage, and 0 is the 

phase. • 


a A 



Most common in practice: 

two identical sources 
connected to two loads by 
two outer wires and the 
neutral: Single Phase Three 
Wire. 

Terminal voltages have 
same magnitude and the 
same phase. 


POLYPHASE SYSTEM 


Circuit or system in which AC sources operate at the same frequency but different phases are known 
as polyphase. 


1 - 


2 - 


Two phase system THREE WIRE : 

Two Phase System: 

• A generator consists of two coils placed 
perpendicular to each other 

• The voltage generated by one lags the other by 
90°. 

Three Phase System: 

• A generator consists of three coils placed 120° 
apart. 

• The voltage generated are equal in magnitude but, 
out of phase by 120°. 

• Three phase is the most economical polyphase 
system. 

• All electric power is generated and distributed in 
three phase. 

o One phase, two phase, or more than three 
phase input can be taken from three 
phase system rather than generated 
independently. 


a A 
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o Melting purposes need 48 phases supply. 

• Importance of three phase system : 

o Uniform power transmission and less vibration of three phase machines. 

■ The instantaneous power in a 3(|) system can be constant (not pulsating). 

■ High power motors prefer a steady torque especially one created by a 
rotating magnetic field. 

o Three phase system is more economical than the single phase. 

■ The amount of wire required for a three phase system is less than 
required for an equivalent single phase system. 

■ Conductor: Copper, Aluminum, etc 


BALANCED 3<b VOLTAGES 

Balanced three phase voltages: 

• same magnitude (VM ) 

• 120° phase shift 
BALANCED 3 (b CURRENTS 
Balanced three phase currents: 

• same magnitude (IM ) 

• 120° phase shift 


Vbn(^) = Vu cos{cot -12(f) 

Vcn (t) = Vn^cos{cot- 240°) = cos(ry t + 1 20°) 


Lit) = cos{o)t-0) 

cos(ry t - 0 - 120°) 
iAt) = iM cos(ryf-6>-240°) 


PHASE SEQUENCE 


= Vm cos cot 

n«(0 = l^v/cos((9/-120°) 
(0 = Ku COs{cOt + 120 °) 


Kn = 



Vb„ = V^Z-l20° 


V,„ = V^Z + 120° 

K„ = v^z+120° 


V^„ = V^Z-120° 


POSITIVE NEGATIVE 

SEQUENCE SEQUENCE 
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Phaser Diagram of and 


Vl 

''*=Ts 


• Balanced Phase Voltage: all phase voltages are equal in magnitude and are out 
of phase with each other by 1200. 

• Balanced Load: the phase impedances are equal in magnitude and in phase. 

• Phase voltage is measured between the neutral and any line: line to 
neutral voltage 

• Line voltage is measured between any two of the three lines: line to line 
voltage. 

• Line current is the current in each line of the source or load. 

• Phase current is the current in each phase of the source or load. 



QUANTITY 

SYMBOL 

Phase current 

k 

Line current 

II 

Phase voltage 

V* 

Line voltage 

Vl 


SOURCE 

LOAD 

CONNECTION 

Wye 

Wye 

Y-Y 

Wye 

Delta 

Y-A 

Delta 

Delta 

A- A 

Delta 

Wye 

A-Y 


Three-phase AC Distribution 


1- Four-wire star-connected unbalanced load 

2- Unbalanced delta-connected load 

3- Unbalanced 3-wire, star-connected load 

The 3-phase , 4-wire system is widely used for distribution of electric power in commercial and industrial 
buildings. 

The single phase load is connected between any line and neutral wire while a 3-phase load is connected 
across the three lines. 
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Four-wire star-connected unbalanced load 

Since the load is unbalanced, the line currents will be 
different in magnitude and displaced from one another by 
unequal angles* The current in the neutral wire will be the 
phasor sum of the three line currents i.e* 

— ^R + + fr 



Iv 

Y 

Three phase load 


Ip 

R ► 


N 


la 

► 


K 

Y - — 

single phase loads 
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Comparison of Conductor MateriiJ in 
Overhead System 


(i) same power (P watts) transmitted by each 
system. 


(//) the distance (/ metres) over which power is 
transmitted remains the same. 


(///) the line losses {W watts) are the same in each 
case. 

(/V) the maximum voltage between any conductor 
and earth (Vm) is the same in each case. 
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Comparison of 3-wire and 2-wire D.C. distribution 

• It will be shown that there is a great saving of conductor material 
if we use 3 -wire system instead of 2- wire system for d.c. 
distribution. 

• For comparison, it will be assumed that: 

i. The amount of power P transmitted is the same 

ii. The voltage V at the consimier’s tenniiials is the same 

iii. The distance of transmission is the same 

iv. The efficiency of transmission (and hence losses) is the same 

V. The 3-wire system is balanced i.e. no current in the neutral wire 

vi.The area of X-section of neutral wire is half the cross-section of 
outers in 3 -wire system 
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Comparison of 3-wire and 2-wire D.C. distribution 

Let R2 = resistance of each conductor in 2-wire system 

R3 = resistance of each outer in 3-wire system 

Current through outers in case of 3 -wire system is 

_ P 

Total losses in two outers Pioss — 2/3 R3 = 2 R3 

Current through conductor in case of 2-wire system is 

P 

Total losses Pi^ss = = 2 (^) /?2 

Since efficiency of transmission is the same, it means losses arc the 
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Comparison of 3-wire and 2-wire D.C. distribution 

Since efficiency of transmission is the same, it means losses are the 
same i.e. 



i?3 — 4/?2 


Therefore, the area of X-section of outers in 3-wire case will be 
one-fourth of each conductor in 2-wire system. 

Let a = area of X-section of each conductor in 2-wire system 
Then a/4 = area of X-section of each outer in 3-wire system 
And a/8 = area of X-section of each neutral in 3-wire system 
If L is the length of the line, then. 


Volume of Cu for 3-wire 


system = L 
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Comparison of 3-wire and 2-wire D.C. distribution 

Volume of Cu for 2-wire system = L(a + a) = 2a L 

Volume of Cu for 3-wire system 5 15 

Volume of Cu for 2-wire system 8 2a L 16 

Hence a 3-wirc system requires only 5/16*^ (or 31.25%) as much 
copper as a 2-wire system. 

If the neutral has the same X-section as the outer, then. 

Volume of Cu for 3-wire system = L (- + - + -) =-aL 

\4 4 4 / 4 

Volume of Cu for 2-wire system = L(a + a) = 2aL 

Volume of Cu for 3-wire system 3 13 

— — Cl 1 j X — — 

Volume of Cu for 2 -wire system 4 2a L 8 

Hence a 3-wire system requires only 3/8‘‘' (or 37.5%) as much 

riiC' O T' llfIt-iQ. C T K? 
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Comparison of 3-phase 4-wire A.C. distribution and 

2-wire D.C. distribution 


^30 — 


^I^P 


loss 


— 3ri0/?30 — 3 


3V cos^0 

V2P 






COS0 


j ^30 


^ V2P \ /P\^ 

^3VcosCi) ^\v) 

^30 = i^COS^0)R2 


neutral=outer 


Volume of Cu for 3-phasc 4-wirc systcm= ^^^^^^ a L 
Volume of Cu for 3-pliase 4-wire system 4 1 


Vol-umc of Cu for 2-\virc system 


3cos^0 


aLx 


2a L 3cos^0 


1 

-fc- 


1 
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Compari^n of A.C. and D.C. Transmission 

The electi4c power can be transmitted either by means of d.c. or a.c. Each system has its own merits 
and demerits. It is* Th4 «forc* desirable to discuss the Technical advantages and disadvantages of the 
two systems for transmission of electric power. 

1* D.C* transmission. For some years past* the transmission of electric power by dc. has been 
receiving the active consideration of engineers due to its numerons advantages. 

Advantages* The lugh voltage d.c. ti ansniission has the follow ing advantages over high voltage 
a.c. transmission : 

(j) It requires only o conductors as compared to three for a.c. transmission. 

(fi) There is no iiidiictance, capacitance, phase displacement and surge problems in d.c. Uans- 
mission 

{Hi) Drie to the absence of inductance, the voltage drop in a d.c. transmission Line is less than the 
a.c. line for the same load and sending end voltage. For diis reason, a d.c. transmission line 
has better voltage regulation. 

(ri) There is no skin effect in a d.c. system. Therefore, entire cross-section of the line conductor 
is utilised. 

(v) For The same working voltage* the potential stiess on the insulation is less in case of dx. 
system than that in a.c. system. Therefore, a d.c, line requires less insulation. 

{vt) A d.c. line has less corona loss and reduced interference with coniimiiiication circuits, 

(ivf) The higli voltage d.c. transmission is free from the dielectric losses, particularly in the case 
of cables. 

(riit) III dx. transmission* there are no stability problems and synclironising difficulties. 
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Comparison of A.C. and D.C. Transmission 

Disaclvaufages 

(i) Electric power cannot be generated at high d.c. voltage due to commutation problems. 

(if) The d.c. voltage cannot be stepped up for transmission of power at high voltages. 

(Hi) Tlie d.c. switches and circuit breakers liave their own limitations. 

2. A.C. transmission. Now-a-days. electrical energy is almost exclusively generated, trans- 
mitted and distributed in the fonn of a.c. 

Advantages 

(f) The power can be generated at high voltages. 

(if) Tlie maintenance of a.c. sub-stations is easy and cheaper. 

(///) The a.c. voltage can be stepped up or stepped down by transformers with ease and effi- 
ciency. This permits to transmit power at high voltages and distribute it at safe potentials. 
Disadvantages 

(/) An a.c. line requires more copper tlian a d.c. line. 

(if) The construction of a.c. transmission line is more complicated than a d.c. transmission line. 
(iif) Due to skin effect in the a.c. system, the effective resistance of the line is increased. 

(ir) An a.c. line has capacitance. Therefore, there is a continuous loss of power due to charging 
current even when die line is open. 
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